UK Patent Application „«GB 2 1 37 61 3 A 



(43) Application published 10 Oct 1984 



(21) Application NO8402723 


(51) INTCL^ 

C07D 307/60 


(22) DateoffilIng2Feb1984 
(30) Priority data 

(31) 58/018563 (32) 7 Feb 1983 (33) JP 


(52) Domestic dasslflcatlon 

C2C 1 472 200 21 5 247 253 25Y 304 SOY 351 352 369 386 635 
761 778807808 a0Y817AATQ 

D1R 105 157 318456464501 514615622623641 642646647 
64aDL 

U1S1372C2C 


(71) Applicants 

Nippon Petrochemicals Co. Limited (Japan) 

3-1 Uchisaiwaicho l-chome.Chlyoda-ku, Tokyo, Japan 

Arakawa Kagaku Kogyo KabushikI Kaisha (Japan) 

21 Hirano^achi l^chome.Higashi-ku^Osaka-shi, Osaka, 

Japan 


(56) Documents cited 

GB 1411376 GB 1398000 GB 1396097 
GB 0949981 GB 0944136 US 3102064 

(58) Field of search 
C2C 


(72) Inventors 

KimioKawatanf 
TakashI Fujikawa 
EqiWatanabe 




(74) Agent and/or Address for Service 

Mathys & Squire, 10 Flaat Street, London EC4Y 1 AY 




(54) Alkenyl succinic anhydrides of use as sizing agents 



(57) An internal sizing agent for paper making which produces excellent sizing effect and which can be used in neutral 
to alkaline reglonswithout the ordinarily employed fixing agentsuch as aluminum sulfate, contains a specific reactlori 
product and/or hydrbgenatfon product of said reaction product, said reaction product being prepared by adding maleic 
anhydride to branched internal olefins having 14to 36 carbon atoms which branched internal olefins are obtained by 
ollgomerizing one member or a mixture of two or more of olefins having 6 to 18 carbon atoms. 



GB 2 137 613 A 1 



SPECIFICATION 

Paper sizing agent 

5 This invention relates to a paper sizing agent. More 
particularly, the invention relates to an internal paper 
sizing agent which is excellent in sizing effect and 
which can be employed in the range of neutral to 
alkali without using conventional fixing agents such 

10 88 aluminum sulfate. 

In the paper manufacturing industry, the sizing 
agents that are prepared from natural rosins or 
modified rosins, especially fortified rosin sizing 
agents that are prepared by saponifying malelc- 

1 5 modified rosins, are regarded as most preferable 
ones and are widely used. These sizing agents are 
used together with aluminum sulfate and fixed to 
paper fibers in an acidic region of pH 4.0 to 5.0. Owing 
to the acldlccondition with using these sizing agents, 

20 the following disadvantages are caused to occur. 
That Is, paper making machinery suffers from corro- 
sion, strength and durability of obtained paper are 
lowered, and inexpensive atkaline fillers such as 
calcium carbonate cannot be used because atkaline 

25 fillers are decomposed. 

For this reason, neutral sizing agents which can be 
fixed to wood pulp without using aluminum sulfate, 
are proposed. For example, a sizing agent Is known in 
which alkyi ketone dimer is dispersed In water in the 

30 presence of cationic starch. This is, however, defec- 
tive in that the cost Is high and it takes much time to 
produce desired sizing effect. 

Furthermore, several inventions have been prop- 
osed with regard to neutral sizing agents. 

35 in U.S. Patent No. 3,1 02,064, a sizing agent 
represented by the following general formula is 
disclosed. 

0 
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In which R represents a dimethyiene or trimethylene 

radical and R' Is a hydrophobic group containing 
40 more than 5 carbon atoms and is selected from the 

class consisting of alkyI, alkenyl, aralky), and aral- 

kenyl groups. 
Proposed In British Patent No. 2,01 5,61 2 are 

"substituted succinic anhydrides having substituent 
45 groups of butene oligomers having 1 6 to 40 cart>on 

atoms". The compounds disclosed in both the above 

patent specificatioris are, however, unsatisfactory In 

sizing effect 

in U.S. Patent No. 3321 ,069, a reactive sizing agent 
50 is disclosed. The sizing agent Is produced by reacting 
maleic anhydride and an Internal olefin correspond- 
ing the following general structure: 

Rx-CHrCH=CH-CHrRy 
and the reaction product Is represented by the 
55 following general formula: 



aj^-CH^-CB-CH-CB-R 



wherein Rxand Ry are. respectively, alkyl radicals 
contalningatleast4to 10 carbon atoms. 

In Japanese Laid-Open Patent Publication No. 
67*154,495 is proposed a reactive sizing agent which 

60 consists of "an alkenyi succinic anhydride mixture 
that is produced by adding maleic anhydride to a 
mixture of straight chain internal olefins having 8 to 
18 carbon atoms and double bonds which are almost 
evenly distributed to each position except a-position. 

65 The sizing agents are high In reactivity with paper 
fiber and produce good sizing effect. However, they 
are liable to be hydrolyzed and they must be used as 
soon as possible after being emulsified. In addition, 
as the sizing effect varies widely, constant and 

70 uniform sizing effect cannot be expected in paper 
sizing operation. 

In order to eliminate the above defects In the 
conventional art, the inventors have earnestly made 
investigation and, as a result, the present invention 

75 has been accomplished. 

It Is, therefore,the primary object of the present 
Invention to provide a novel paper sizing agent that Is 
free from disadvantages caused to occur In the 
conventional papersizing agents. 

80 Another object of the present invention is to 
provides papersizing agent which produces good 
sizing effect and which is prepared without difficulty. 

Afurtherobjectof the invention is to provide a 
papersizing agent which produces excellent sizing 

85 effect In neutral to alkaline conditions without using a 
fixing agent such as aluminum sulfate. 

Still a furtherobject of the present Invention is to 
provides papersizing agent which is dispersed well 
in water, is compatible with various kinds of paper 

90 making additives, and is preserved for a long time. 
According to the present invention, the papersizing 
agent contains a reaction product and/or a hyd- 
rogenatlon product of said reaction product, wherein 
said reaction product is prepared by adding maleic 

95 anhydride to branched internal olefins having 14 to 
36 carbon atoms which are obtained by oligomerizing 
one member or a mixtureoftwoor more of olefins 
having 6 to 1 8 carbon atoms. 
The present invention will be described in more 

100 detail. 

The olefins used as starting materials for preparing 
the papersizing agent of this invention are those 
having 6to 18 carbon atoms, preferably 8to 1 2 
carbon atoms. If they can be ollgomerized, olefins of 

105 any type can be employed. 

The reaction product that are madefrom olefins 
having 5 or less carbon atoms, is deficient in sizing 
effectand preservabllity. Meanwhile, In the case that 
the number of carbon atoms of starting olefin 

110 exceeds 18, the obtained reaction product can 

produce sizing effect but it becomes to viscous, which 
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is inconvenient for practical uses. 

Preferable starting nriaterials are exemplified by 
straight chain a-olef ins such asoctene-1, decene-1 
and dodecene-1 ; straight chain internal olefins such 
5 as octeno-2, octene-4, decene-3» decene-5, undecene- 
3, undecene-5, dodecene-4, dodecene-6, tet- 
radecene-5 and tetradecene-7; and branched internal 
olefins such as diisobutylene and propylene trimer. 
These olefins can be used either singly or in a 

10 mixture of two kinds or more. From economical 
viewpoint, mixtures of two ormore kinds of olefins 
are preferably used. The branched internal olefin 
having 14 to 36 carbon atoms can be obtained by 
treating the above olefins under proper conditions in 

1 5 the presence of an oligomerization catalyst. 

Astheoltgomerization catalysts, acid catalysts and 
organometallic complexes are used. Acid catalysts 
are exemplified by homogeneous or heterogeneous 
catalysts such as cation exchange resin having 

20 fluorosulfonicgroups,fluoromethane sulfonic acid, 
AlCls-electron donor, BF3- electron donor, mineral 
acids such as H2SO4, add clay minerals such as acid 
clay and activated clay, synthetic silica-alummina and 
heteropoly-adds. 

25 Exemplified asthe organometallic complex 
catalysts are AI2 (C2H5)3 Cla-TiCU, AlzlCaHslaCla- 
VOCI3, AlCzHgClz-n-Ca Hg NiBr, AI2 (CaHsja CI3 - Ni 
(C5H702)2.AI{C2H5)2CI-Cr(C5H702)3.andCl2Pd 
{PhCN)2. 

30 The treatment of oligomerization can be done 
under the conditions of temperature from 30 to 300°C, 
pressures from the atmospheric pressure to 30 
Kg/cm^ and reaction times from 1 to 30 hours. These 
conditions may be selected according to the kind of 

35 starting material of ofefin and catalyst employed. 
Any type of treatment system such as batchwise, 
semi-batchwise or continuous operation can be 
adopted. In the case of continuous operation, LHSV 
(liquid hourly space velocity) is preferably in the 

40 rangeofO.l to2a. 

When olefins are treated in the presence of the 
foregoing catalysts, either only olefins or olefins 
together with an inert solvent can be used. 
When olefins are oligomerized by the above 

45 catalyst treatment, oligomers having 14 to 36 carbon 
atoms are obtained, while heavier components are 
sometimes produced. In that case, in order to 
eliminatesubstantiallythe heavier components, the 
branched internal olefin ofthis invention must be 

50 separated by distillation. 

The branched internal olefin that is prepared 
through the above-described procedure, has a dou- 
ble bond at3-position or a higher position of main 
carbon chain, and it contains 50% or more of 

55 components which have an alky! branch or branches 
on one or both the carbon atoms of the double bond. 
(The branched internal olefin having one alkyi branch 
joined to only one carbon atom of double bond is 
hereinafter referred to as "tri-substituted olefin" and 

60 the one having two atkyi branches respectively joined 
to both the carbon atoms of double bond is referred 
to as "tctra-substituted olefin".) 

Thetri-substituted olefin is exemplified by 7,8- 
dimethytetradecene - 6; 2,2,4,6,6,8.8 - heptamethyl- 

65 nonene - 4; 2,2,4,6,6,8,8 • heptamethylnonene • 3; and 



2,4,9,1 1 - tetramethyl - 5 - ethyldodecene - 5. 

Thetetra-substituted olefin is exemplified by 6,7- 
dimethyldodecene - 6; 5 - ethyl - 6- methylundecene - 
5; 5,6 - diethy Idecene - 5; 4 - propyl - 5 - ethylnonene - 

70 4; 7,8 - dimethyl - tetradecene - 7; 6 - ethyl - 7 - 
methyltridecene - 6; 6,7 • diethyl - dodecene - 6; 5 - 
propyl -6 - ethyl undecene - 5; 9,10 - dimethylocta - 
decene - 9; 8 - ethyl - 9 - methylheptadecene - 8; 6 • 
butyl - 7 - ethyl - tetradecene - 6; 6 - butyl - 7 - 

75 methylpentadecene-6; n, 12-dimethyl-docosene- 
1 1 ; 1 0 - ethyl - 1 1 - methylheneicosene - 1 0; 9 - propyl - 
10 - methyleicosene - 9; 8 - butyl - 9 - ethyloctadecene 
• 8; 1 3, 14 - dimethylhexacosene - 1 3; 1 2 - ethyl - 13 - 
m ethyl pentacosene - 1 2; 1 2,13 - diethyltetracosene- 

80 1 2; 1 0 - butyl - 1 1 - ethyldocosene - 10; 1 0 - butyl - 11 - 
propylheneicosene- 10; and 2,4,6,7,9,1 1 - hex- 
amethyl - dodecene -6. 

As a paper sizing agent, more preferable range of 
the number of carbon atoms is 16 to 28, and it is 

85 desirablethatthe branched internal olefin contains a 
dimerof olefin starting material or components 
derived from the dimer. 

Thesizing agent obtained fromthe oligomer 
having less than 14 carbon atoms cannot produce 

90 satisfactory sizing effect and its preservability is not 
good enough. With the sizing agent obtained from 
the oligomer having more than 36 carbon atoms, the 
viscosity of thesizing agent becomes too high, which 
is undesirable for practical uses because the use of 

95 the sizing agent is not easy. 

The branched internal olefin ofthis invention is 
different from the olefins that are disclosed In the 
foregoing prior art references. 
That is, in U.S. Patent No. 3,10i2,064, iso- 

100 octadecenyi, n-hexadecenyl, dodecenyl, dodecyi, de- 
cenyl, octenyl, nonenyl, and triisobutenyl groups are 
disclosed as the alky I or alkenyl groups of alkyl or 
alkenylsuccinic anhydrides. However, these are de- 
rived from linear olefins ortrlisobutylene and they are 

1 05 different from the branched internal olefin of the 
present invention. 

In British Patent No. 2, 01 5, 612, the employed 
olefin is the oligomer of butene, C4-olefm. This 
oligomer is differentfrom the branched internal 

110 olefin that is the oligomer obtained from olefins 
having 6to 18 carbon atoms. 

In U.S. Patent No. 3,821 ,069, internal olefins 
represented by the general formula: 

Rx-CH2-CH~CH-CH2"Ry 

1 1 5 such as octadecene-9, t6tradecene-7, hexadecene-7 
and eicodecene-1 1 are disclosed. These olefins are 
linear olefins and any carbon atom of double bond 
has no alkyl branch. Furthermore, it is considered that 
they are notthe products that are obtained by 

120 oligomerization of olefins having6to18carbon 
atoms. Accordingly, they are differentfrom the 
branched internal olefin of this invention. 

The olefins disclosed in Japanese Laid-Open Patent 
Pablication No. 57-l54,495are linear olefins, which 

125 are apparently differentfrom the branched intemal 
olefin ofthis invention. 

According to the present invention, excellent paper 
sizing agent can be obtained because the specific 
branched internal olefin that is different from the 

1 30 conventional art, is used. 
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The addition reaction between nnaleic anhydride 
and the branched internal olefin that is prepared by 
the above-described process, is carried out in accord- 
ance with the conventional method. That is, both the 
5 materials are heating in an inert gas atmosphere such 
as nitrogen gas at temperatures of 180 to 250*C and at 
atmospheric pressure or at an elevated pressure. This 
reaction proceeds easily. The molar ratio of both the 
materials is not restricted, however, 0.2 to 2 moles of 

10 maleic anhydride is generally used to 1 mole of the 
branched internal olefin. After the reaction, a I keny- 
Isuccinic anhydride asthe reaction product is 
obtained by removing unreacted maleic anhydride 
and the branched internal olefm by means of reduced 

15 pressure distillation. 

In this addition reaction, the main reaction product 
is an adduct of 1 mole of the branched internal olefin 
with 1 mole of maleic anhydride. However, small 
quantities of by-products such as an adduct of 1 mole 

20 of the olefin with 2 moles of maleic anhydride, 
1 :2-adduct, and polymer of maleic anhydride, are 
produced. These by-products may be either removed 
or not removed. From economical viewpoint, it is 
desirableto use the reaction product without remov- 

25 ing the by-products. The reaction product is further 
subjected to ordinary hydrpgenation reaction with 
using a solid catalyst such as palladium or Raney 
niclcel to obtain alkylsuccinic anhydride, which confies 
also within the scope of this Invention. 

30 In the addition reaction with maleic anhydride, 
reactivity hardly varies with the kind of olefin 
component of the branched internal olefin. There- 
fore, tri-substituted olefins and tetra-substituted ole- 
fins as the main components of the branched internal 

35 olefins are effectually converted into adducts with 
maleic anhydride,andthey fulfill excellentfunctions 
as the main components of a sizing agent. 

Sizing iscarriedout by using the reaction product, 
i.e. sizing agent, that is obtained by the above- 

40 described procedure. When the sizing agent is used, it 
is homogeneously dispersed in water by a forced 
mixing apparatus such as a homogeneous mixer, 
homogenizerand high pressure emulsifier and the 
obtained dispersion is added to pulp slurry. 

45 When the sizing agent is dispersed in water, a 
protectivecolloid or dispersing agent such ascatlo- 
nized starch, gelatin, polyvinyl alcohol, cationic 
polyacrylamide, or polyethylene imine, or a nonionic 
emulsifier can be used together. In the above 

50 emulsifiers, the cationic starch, cationic polyacryla- 
mide and polyethylene imine have also the effect as a 
fixing agent to pulp. 

The nonionic emulsifiers are exemplified by 
polyoxyethylene alkyi ether, polyoxyethylene aikyi 

55 ester, polyoxyethylene sorbitan fatty acid ester, 
polyoxyethylene alkylphenol, polyoxyethylene alky- 
lamine, polyoxyethylenealkylamide, ester of polyal- 
cohol and fatty acid, and higher alcohol. 
In the present invention, the quantity of the 

60 foregoing protectivecolloid used together with the 
paper sizing agent, is determined according to the 
dispersibility in water and fixing property to pulp of 
the paper sizing agent. The quantity of the protective 
colloid is generally in the range of 50 to 500%, 
65 preferably lOOto 200% relativeto a sizing agent. 



The quantity of nonionic emulsifier is determined 
according to the dispersibility of paper sizing agent, 
which is generally in the rangeof 3 to 30%, preferably 

5 to 20%. 

70 In the case that the above nonionic emulsifier is 
previously mixed into the paper sizing agent of the 
present invention and the mixture is dispersed in 
water, any forced mixing apparatus is not necessary, 
which apparatus is used when dispersing is done 

75 with using a protective colloid. The sizing agentwith 
nonionic emulsifier can be easily dispersed only by 
using a pulp-mixing aspirator or by passing the 
mixture through an orifice (this method is hereinafter 
referred to as "self-emulsifying method"), which 

80 method can simplify the paper making process. 
As described above, the nonionic emulsifying 
agent is effective in producing self-emulslfying prop- 
erty. However, when the paper sizing agent of this 
invention is mixed with polyoxyethylene sorbitan 

85 fatty acid ester, polyoxyethylene alkyl ether, polyox- 
yethylene alkylphenol or polyoxyethylene alkyl ester 
that gives good self-emulsifying property, and the 
mixture is left standing still, the dispersing property 
in water of the mixture becomes worse with the lapse 

90 of time. Thesizing effect becomes worse accordingly, 
which is not desirable for practical uses. 

However, the inventors have found that, when a 
specific emulsifying agentthat is prepared by acety- 
lating the terminal hydroxyl group of nonionic 

95 emulsifying agent with acetic anhydride, is mixed 
with the paper sizing agent of this invention, the 
above-mentioned stability and dispersibility in water 
become good. That is, the above specific emulsifying 
agents a re acetylated products which correspond to 

100 polyoxyethylene sorbitan fatty acid ester, polyox- 
yethylene alkyl ether, polyoxyethylene alkylphenol 
and polyoxyethylene alkyl ester. 

Incidentally, the acetylated product of polyox- 
yethylene fatty acid ester is obtained by the following 

105 method. Sorbitan is a mixture of intramolecular 
dehydration products of sorbitol such as one-mole 
dehydration products of 1 ,4-sorbitan, 3,6 - sorbitan 
and 1,5 -sorbitan, and two-mole dehydration product 
of 1 ,4,3,6- sorbide. The sorbitan is esterif ied with a 

110 fatty acid to obtain the sorbitan fatty acid ester. 

Ethylene oxide is then added to the sorbitan fatty acid 
ester and terminal hydroxy! groups of the reaction 
product a re acetylated by acetic anhydride, thereby 
obtaining the above acetylated product. 

1 1 5 The mixing quantity of the acetylated emulsifying 
agent to the sizing agent of the i nvention, is generally 
3 to 30%, preferably 5 to 20% by weight. 

The quantity of papersizing agent used in the 
present invention varies to some deg ree according to 

1 20 the kind and uses of paper to be produced. The 

quantity is, however, generally in the rangeof 0.05 to 
5.0% by weight to dry-basis pulp. It is possible to add 
more than 5.0 weight percent of paper sizing agent 
but the increase of sizing effect can hardly be 

125 expected so that the addition of more than 5% is not 
advantageous In economical viewpoint. 

As described above, when the sizing agent of this 
invention is used together with a cationic protective 
colloid or an nonionic emulsifying agent in neutral or 
130 alkaline region, the sizing agent can be dispersed In 
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water. Owing to the use of specific olefin oligomers 
which are different from the conventional art, the 
sizing agent produces excellent sizing effect that is, 
desired sizing effect can be obtained by using smaller 
5 quantity of the sizing agent as compared with the 
'conventional art. Furthermore, it maintains good 
sizing effect during long term preservation, that is, 
the sizing effect of sizing medium after long term 
preservation is almost the same as the effect pro- 

10 duced just after it is made up. This fact is advan- 
tageous as compared with conventional sizing 
agents. Still further, when the sizing agent of the 
present invention is used by mixing with a specific 
acetylated emulsifying agent, more excellent charac- 

15 teristics in self-emulsifying property and preservabil- 
ity are produced, with which the simplifying of paper 
making process can be expected. 

The papersizing agent ofthis invention can be used 
singly, of course, and if desired, it can be used 

20 together with known sizing agents by mixing with 
them in any mixing ratio. 

It should be noted also that known pig ments and 
fillers such as clay, talc, titanium oxide, calcium 
carbonate, calcium sulfate and diatomaceous earth 

25 can be added to paper material that has been sized 
with the sizing agent of the present invention. 

The preparation and uses of the sizing agent of the 
invention will be described in more detail in the 
following examples. Itshoud be noted, however, that 

30 the present invention be limited not by the specific 
disclosure herein but only by the appended claims. 
Example 1 

A 1 liter glass-made reaction vessel equipped with 
a stirrer, thermometer and cooling pipe, was fed with 

35 500 ml of n - octene - 1 and 50 g of Naf ion 51 1 
(trademark of cation exchange resin containing 
fluorosultonic radical, made by E. I. du Pont de 
Nemours). Reaction was carried outfor 1 hour at 120 
to 140X. After the reaction, Nafion 51 1 was separated 

40 from the reation mixture by filtration andthe reaction 
mixutre was treated by an adsorbent, Kyowaad 500 
(trademark, made by Kyowa Chemical Industry Co., 
Ltd., Mg6Al2(0H)i6C03.4H20) to eliminate the free 
acid derived from the catalyst After that, by reduced 

45 pressure distillation, 225 g of branched internal olefin 
having 16 or more carbon atoms was obtained. The 
distribution of carbon atom numbers was Cie: 89%, 
C24: 1 1 %. According to NMR analysis and IR analysis, 
the branched internal olefin contained 65% of tri- 

50 substituted olefin and tetra -substituted olefin. 

A stainless steel autoclave equipped with a stirrer 
and a thermometer was fed with 1 50 g of the 
branched internal olefin and 65 g of maleic anhyd- 
ride. The air in the reaction system was completely 

55 replaced by dry nitrogen gas and reaction was carried 
outfor4 hours at210*'C. 

The reaction mixture was then subjected to re- 
duced pressure distillation to remove un reacted 
olefin and maleic anhydride and 101 g of maleic 

60 modified reaction product was obtained. The viscos- 
ity of the reaction product was 510 cp (at 25°C) and 
acid value wa.<: 316. 

According to NMR analysis and IR analysis, the 
unreacted olefin contained 62% of tri-substituted 

65 olefin andtetra-substituted olefin and the distribution 
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of types of double bonds after the maleic modifica- 
tion was almost the same as the distribution before 
the reaction. 

Example 2 

70 A1 liter glass-made reaction vessel equipped with 
a stirrer, thermometer and cooling pipe, was fed with 
500 ml of n -dodecene - 1 and 50 g of synthetic 
silica-alumina and the contents were allowed to react 
for 1 hour at 1 50 to 1 80'C. After the reaction, the 

75 catalyst was removed from the reaction mixture by 
filtration. By reduced pressure distillation, 1 63 g of 
dimer as the branched internal olefin was obtained 
from the reaction mixture. The branched internal 
olefin contained 56% of tri-substituted olefin and 

80 tetra-substituted olefin. 

A stainless steel autoclave equipped with a stirrer 
and a thermometer was fed with 140 g of the 
branched internal olefin and 40.8 g of maleic anhyd- 
ride. The air In the reaction system was completely 

85 replaced by dry nitrogen gas and reaction was carried 
out for 4 hours at 21 OX. The reaction mixture was 
then subjected to reduced pressure distillation to 
remove unreacted olefin and maleic anhydride and 
38 g of maleic modified reaction product was 

90 obtained. The viscosity of the reaction product was 
893 cp (at 25T) and acid value was 260.1 . 

According to NMR analysis and IR analysis, the 
unreacted olefin contained 58% of tri-substltuted 
olefin and tetra-substituted olefin and the distribution 

95 of types of double bonds after the maleic modifica- 
tion was almost the same as the distribution before 
the reaction. 

Example 3 

A 2 liter glass-made reaction vessel equipped with 

100 a stirrer, thermometer and cooling pipe, was fed with 
1 liter of octene-1 , 1 50 ml of octane, 50 m mol of 
Al2(C2H5)Cl3, 1 00 mmol of TiCU and 30 mmol of 
diethylene glycol diethyl ether and the contents were 
allowed to react for 10 hours at 30°C. After the 

1 05 reaction, 50 ml of methanol was added to deactivate 
the catalysts andthe reaction mixture was rinsed with 
HO aqueous solution and then with water. The 
conversion ratio of octene-1 was 63% andthe 
quantities ofdimer,trimer,and tetramer and higher 

110 oligomers were 19.8%, 8.5%, and 71. 7%, respective- 
ly. By reduced pressure distillation of the reaction 
product 1 08 g of dimer was obtained. The dimer 
contained 53% of tri-substituted olefin and tetra- 
substituted olefin. 

1 1 5 A stainless steel autoclave equipped with a stirrer 
and a thermometer was fed with 100 g of the dimer 
and 43 g of maleic anhydride. The air in the reaction 
system was completely replaced bydn/ nitrogen gas 
and reaction wascarried out for 4 hours at 21 0°C. 

120 Afterthe reaction, unreacted olefin and maleic 
anhydride were removed from the reaction mixture 
and 53 g of maleic modified reaction product was 
obtained. 

The viscosity of the reaction product was 533 cp (at 
1 25 25*C) and acid value was 352.9. The unreacted olefin 
contained 55% of tri-substituted olefin and tetra- 
substituted olefin. The distribution of types of double 
bonds afterthe maleic modification was almost the 
same as the distribution before the reaction. 
130 Example 4 
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A stainless steel reaction vessel was filled with 30 
ml of catalyst Pt.Li20.Al2O3. n-Paraffin mixture 
(Cio:30%,Cn:35%,Ci2:35%)wasfed togetherwith 
hydrogen gas to the reaction vessel at a temperture of 
5 470°C, flow rate of 1 5 ml/min. and molar ratio of 
Ha/n-decane = 8.0 to perform dehydrogenation.The 
olefin contentintheeffluentof the reaction vessel 
was about 10%. After the reaction, the reaction 
mixture was passed through molecular sieve and a 

10 mixtureof straight chain internal olefins of Cioi 
and Ci2 was obtained. 

A stainless steel continuous reaction tube was filled 
with 100 ml of synthetic silica-alumina and it was 
maintained at 180°C. The above straight chain inter- 

1 5 nal olefin was fed to the reaction tube at a flow rate of 
100 ml/hour. The composition ofthe effluent of the 
reaction tube was monomer: 45%, dimercompo- 
nent: 46% and heavier components of trimer and 
higher oligomers: 9% . This reaction mixture was 

20 subjected to reduced pressure distillation to obtain 
branched internal olefin comprising dimer compo- 
nents. 

The branched internal olefin (250 g) was reacted 
with 87 g of maleic anhydride in the like manner as 

25 Exam pie 1 to obtain 1 02 g of maleic modified reaction 
product. The viscosity of the reaction product was 603 
cp (at 25X) and acid value was 278. The content of 
tri-substituted olefin and tetra-substituted olefin In 
the branched internal olefin before the maleic mod- 

30 ification was72% and the value afterthe reaction was 
75%, which values were almost the same. 

Example 5 

A1 llterglass-made reaction vessel equipped with 
a stirrer, thermometer and cooling pipe, was fed with 

35 500 g of n-octene-1 and the vessel was maintained at 
temperatures between 120 and 1 SO^'C. Reaction was 
carried outfor2 hours with adding dropwise 17 ml of 
boron trifluoride-diethy) ether complex. Afterthe 
reaction, remaining catalyst was neutralized and 

40 removed by adding 500 ml of 5% aqueous ammonia 
to the reaction mixture. The reaction mixture was 
then rinsed three times with 500 ml of water and the 
reaction mixture was disiccated by a desiccant. Then, 
228 g of branched internal olefin having 1 6 to 32 

45 carbon atoms was obtained by reduced pressure 
distillation ofthe above mixture. The branched 
internal olefin contained 62% of tri-substituted olefin 
and tetra-substituted olefin. 
A stainless steel autoclave equipped with a stirrer 

50 and a thermometer was fed with 1 00 g ofthe 
branched internal olefin and 50g of maleic anhyd- 
ride. The air in the reaction system was completely 
replaced by dry nitrogen gas and reaction was carried 
out for 24 hours at 1 90*C. The reaction mixture was 

55 then subjected to reduced pressure distillation to 
remove unreacted olefin and maleic anhydride and 
43 g of maleic modified reaction product was 
obtained. 

The viscosity ofthe reaction product was 321 cp (at 
60 25°C) and acid value was 338. The distribution of the 
types of double bonds in the unreacted olefin wasthe 
same as that in the olefin starting material. 

Example 6 

Propylene was oiigomerized with using polyphos- 
65 phoric acid to obtain nonene (trimer of propylene). 



500 g of the nonene was fed to 1 liter glass-made 
reaction vessel equipped with a stirrer, thermorneter 
and cooling pipe and the reaction vessel was 
maintained at 100°C. This was allowed to react for 5 

70 hours with adding dropwise 10 ml of trif- 

luoromethane sulfonic acid. In the like manner as 
Example5,the reaction mixturewasthen treated to 
obtain156gof dimercomponentasthe branched 
internal olefin. This branched Internal olefin con- 

75 tained tri-substituted olefin and tetra-substituted 
olefin as the main components. 

An autoclave equipped with a stirrer and a thermo- 
meter was fed with 100 g of this branched internal 
olefin and 45 g of maleic anhydride. The air in the 

80 reaction system was completely replaced by dry 
nitrogen gas and reaction was carried out for 24 hours 
at200''C. 

Afterthe reaction, 42 g of maleic modified reaction 
product was obtained by an ordinary method. The 
85 viscosityofthe reaction product was 7300 cp(25°C} 
and acid value was 299. The distribution of types of 
double bonds ofthe dimer was not varied during the 
reaction with maleic anhydride. 
A 1 liter glass-made reaction vessel equipped with 
90 a stirrer, thermometer and cooling pipe was fed with 
500 g of diisobutylene and the reaction vessel was 
maintained at 25'*C. With adding dropwise 1 ml of 
trifluoro methane sulfonic acid, reaction was carried 
out for 5 hour. The obtained reaction mixture was 
95 treatedinthelikemannerasExample5and260gof 
dimercomponentas the branched internal olefin was 
obtained. This branched internal olefin contained 
tri-substituted olefin and tetra-substituted olefin as 
the main components. 
100 An autoclave equipped with a stirrer and a thermo- 
meter was fed with 1 00 g of the thus obtained dimer 
and 44 g of maleic anhydride. The air in the reaction 
system was completely replaced by dry nitrogen gas 
and reaction v/as carried out for 24 hours at 21 0'^C to 
105 obtain 57 g of maleic modified reaction product. 

The viscosity ofthe reaction product was 13,000 cp 
(at 25"C) and acid value was 378. The distribution of 
types of double bonds in the dimer was not varied 
during the reaction with maleic anhydride. 
1 1 0 Comparative Example 1 

In the like manner as Example 1 , n-pentene-1 was 
treated to obtain a maleic modified reaction product. 
The viscosity of the reaction product was 260 cp (at 
25''C) and acid value was 395. 
115 Comparative Example 2 

In the like manner as Example 4, n-paraffin having 
15 to 18 carbon atoms was treated to obtain n-olefin 
(Ci5:5%, Ci6:37%, Ci7:38%, Ci8:20%). Maleic anhyd- 
ride was added to the n-olefi n to o btain a maleic 
120 modified reaction product. 

Comparative Example 3 
According to an ordinary method, nSg of maleic 
anhydride was added to 300 g of n-octadecene-9 to 
obtain 248 g of maleic modified reaction product. 
125 Comparative Example 4 

An oligomer having 15 to 18 carbon atoms 
(C,3:63%, Cio:13%, Ci7:7%, Ci8:17%) was prepared 
by oligomerizing propylene. 1 30 g of maleic anhyd- 
ride was added to 300 g ofthe oligomer by an 
130 ordinary method to obtain 213 g of maleic modified 
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reaction product. 

Comparative Example 5 
An oligomer having 1 6 to 20 carbon atoms 
(Ci6:63%,Ci8:7%,C2o:30%) was prepared by oli- 
5 gomerizingisobutylene. 1 20 g of maleic anhydride 
was added to 300 g of the oligomer by an ordinary 
method to obtain 172 g of maletc modified reaction 
product. 

Evaluation of Sizing Agents 

10 With regard to the alkenylsuccinic anhydrides that 
are prepared in Examples 1 to 7 and Comparative 
Examples 1 to 5. the performance was compared 
according tothefoilovving use method. 

Use Example 1 

15 To 1 g of alkenylsuccinic anhydride (ASA) were 
added 20 g of 10% cationized starch and 79 g of water 
and they wereemulsif ied by a homogenizer.Then, 
0.1 , 0.2 and 0.5 wt.% (as ASA solid content relative to 
pulp) mixtures were prepared by adding the obtained 

20 emulsion to 1 % pulp slurry (L-BKP: laubholz 
bleached kraft pulp, 450 ml in Canadian standard 
freeness). With using the prepared pulp slurry and 
20% (reldtivetopulp}of CaCOs^paperof 60± 1 g/m^ 
in basis weight was made by a TAPPI standard 

25 machine. After dehydration of wet paper by com- 
pression, it was dried at 100**Cfor 1 minute. The 
moisture content of the paper was adjusted by 
putting it into an atmosphere of 65% R.H.for24 
hours. The properties were then determined by 

30 Stohigt method, the results of which are shown in the 
following Tablet. 

As will be understood from the results in Table 1. 
the sizing degrees of sizing agents of the present 
invention are higherthan those of Comparative 

35 Examples. 

Table 1 



Tesc Item 


Stachigt 8isin9 Degree (aec.) 


Sxzin9 Medium 


O.JI 


0.2% 


O.SI 


Example I 


6 


12 


25 


2* 


9 


19 


32 


3 


7 


IS 


28 


4 


B 


16 


28 


S 


7 


IS 


27 


6 


7 


IS 


29 


7 


5 


10 


28 


Comparative 


0 


0 


12 










2 


0 


7 


19 


3 


0 


8 


19 


4 


0 


7 


20 


5 


0 


0 


10 



Use Example 2 
To 10 g of alkenylsuccinic anhydride was added an 
emulsifying agent of 1 g of acetylated product of 
polyethylene glycol nonytphenyl ether (trademark: 
40 Noigen EA160,madebyDaiichiKogyoSeiyakuCo., 
Ltd.) and they were sufficiently mixed together. 99 g 
ofwaterwas?.ddedto 1 gofthe above mixture and a 
sizing medium was prepared by shaking it lightly to 
emulsify. 

45 To 1% pulp slurry was added a fixing agent of 0.3% 



(relative to pulp) of polyamtde polyamine resin 
(trademark: AF-100. made by Arakawa Kagaku Kogyo 
K. K.) and 0.1, 0.2 and 0.5% wt.% (as solid relative to 
pulp) of theforegoing sizing medium was added to 

50 the pulp slurry. Then, in the like manner as Use 
Example 1, sizing degrees were determined. Furth- 
ermore, the prepared dilute sizing medium was left to 
stand for 24 hours and sizing degrees of 0.5% 
addition were also determined. These results are 

55 shown in thefollowing Table 2. 

As will be understood from the results in Table 2, 
the self-emulsifying sizing agents of the present 
invention gave excellent sizing degrees just after the 
preparation as compared with those of (Comparative 

60 Examples. In addition, lowering of the sizing degrees 
after 24 hours in this invention was little. 

Table 2 





seficnigt sizing Dcgru« (^ec.) 


Sizini] Medium 


Juat after Eaulsifying 


After 
24 Hours 


O.lt 




0.5* 


0.5% 


Example 1 


9 


IS 


26 


20 


4 


10 


19 


28 


21 


5 


9 


18 


27 


21 


7 


4 


13 


35 


10 


Coa^arative 
Example 2 


0 


ID 


21 


3 


3 


0 


B 


21 


0 


4 


0 


9 


20 


3 



Use Example 3 
To 1 0 g of the alkenylsuccinic anhydride that was 
obtained in Example4, was added 1 g of emulsifying 
65 agent shown In thefollowing Table 3 and they were 
mixed together. The mixture was treated in the like 
manner as Use Example 2 and sizing degree was 
determined. Each result is shown in Table 3. 

Table 3 



K a A 


£tnulsi- 
fying 
Agent 


StScKigb Sizing Degrcp (sec.) 


Jasr after 
Emulsifying 


After 
24 Hours 


0.1% 


0.2% 


0.5% 


0.51 




1 


10 


19 


26 


21 


Alkenyl- 












succinic 


2 


9 


20 


27 


20 


Anhydride 












in 


3 


a 


19 


28 


21 


£xanqile 4 














4 


10 


19 . 


27 


20 



Notes: 

70 Emulsifying Agents 

1 : Acetylated product of Noigen EA-160 
(polyethylene glycol nonylphenyl ether) 
2: Acetylated product of Noigen ET-1 02^*' 
(polyethylene glycol lauryl ether) 

75 3: Acetylated product of Sorgen TW-20**Mpolyox- 
yethyienesorbitan monolaurate) 
4: Acetylated product of Noigen £5-160**^ 
(polyethylene glycol monooleate) 

Trademark, made by Oaiichi Kogyo Seiyaku Co., 

80 Ltd. 
CLAIMS 

1. ApapersizIng agent which contains a reaction 
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product and/or a hydrogenation product of said 
reaction product, said reaction product being pre- 
pared by adding maleic anhydride to branched 
internal olefins having 14 to 36 carbon atoms which 
5 branched internal olefins are obtained by oligomeriz- 
ing one member or a mixtureof two or more of other 
olefins having 6 to 18 carbon atoms. 

2. A papersizing agent as claimed in Claim 1, 
wherein said other olefins have 8 to 1 2 carbon atoms. 
10 3. ApapersizingagentasclaimedinClaiml or 
Claim 2, wherein said other olefins are straight chain 
olefins. 

4. A papersizing agent as claimed in Claim 1 or 
Claim 2, wherein said other olefins are straight chain 

15 internal olefins. 

5. A paper sizing agent as claimed in any of 
Claims 1 to 4 wherein the catalyst used for said 
oligomerizatlon is one member of acid catalysts 
including cation exchange resin containing fluorosul- 

20 fonic radicals, synthetic silica-alumina and boron 
fluoride-diethyi ether complex. 

6. A paper sizing agent as claimed in any one of 
Claims 1 to 5. wherein said branched internal olefins 
are those each having a double bond at 3-position or a 

25 higher position of main carbon chain and contain 
50% or more of olefins which have alkyi branches 
joined to one or both the carbon atoms of said double 
bond. 

7. A paper sizing agent as claimed in any one of 
30 Claims 1 to 6, which further contains a dispersing 

agent. 

8. A paper sizing agent as claimed in Claim 7, 
wherein said dispersing agent is one member 
selected from cationized starch, gelatin, polyvinyl 

35 alcohol, cationic polyacrylamide and polyethylene 
imine. 

9. A paper sizing agent as claimed in anyone of 
Claims 1 to 8 which further contains an emulsifying 
agent. 

40 10. A papersizing agent as claimed in Claim 9, 
wherein said emulsifying agent is one member 
selected from polyoxyethylene sorbitan fatty acid 
ester, polyoxyethylene alkyl ether, polyoxyethylene 
aikyi phenol and polyoxyethylene alkyl ester, and 

45 theiracetylated products. 

11. A paper sizing agent as claimed in Claim 1, 
substantially as hereinbefore described with particu- 
lar reference to the Examples. 

12. A paper sizing agent as claimed in Claim 1 , 
50 substantially as illustrated in anyone of the Exam- 
ples. 
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